Introduction: The objective of the present study was to determine the effect of 10 weeks of high-intensity interval training (HIIT) and flaxseed oil supplement on heart IGF-1 concentration in male rats. Methods: Twenty adult male Wistar rats were randomly divided into saline, saline-training, supplementation, and supplementation-training groups. The training groups performed training (10 weeks, 5 sessions per week, 90%-95% VO2 max) on a rodent treadmill. The supplementation groups received flaxseed oil supplement (300 mg/kg). The rats were sacrificed 5 days after the last training session. The heart tissue was collected, and insulin-like growth factor-1 (IGF-1) was measured in the heart tissue. Results: Training increased the concentration of the heart IGF-1 (P = 0.01). The concentration of heart IGF-1 was higher in the flaxseed oil-supplemented group than the saline-treated groups. (P = 0.003). The interaction between training and supplementation also led to an increase in heart IGF-1 concentration (P = 0.001).
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The heart is a striated muscle and studies have shown that in response to stimuli, this muscle can make itself more consistent or repair itself, just like other muscles of the body. 2 Mobility and immobility are some of the stimuli that are effective on the heart which can alleviate a heart disease by hypertrophy or cause a heart disease by atrophy respectively. [3] [4] [5] [6] [7] IGF-1 (insulin-like growth factor-1) is a key factor for adjusting myocardial growth. 8 Physical activities are factors that affect IGF-1 levels. Previous studies have shown that depending on the training type, heart tissue responds differently. Resistive activities lead to increased thickness of the heart septa, whereas endurance activities increase the volume of the heart cavity. 9 Therefore, it seems that the type of the training is influential on IGF-1.
In recent years special attention has been paid to high-intensity interval training (HIIT) due to its beneficial effects on health status. The effects of a long-term organized period of HIIT training on the cardiac IGF-1 levels are unclear. Recent studies have revealed that natural materials can influence the amount of generated peptides and proteins. Flaxseed has been used as a drug in traditional Mediterranean medicine. The oil extracted from this seed contains the major components and benefits of flax seeds. This plant contains many micronutrients such as edible fiber, manganese, vitamin B1 and alpha-linolenic acid (Omega 3), which seem to be related to cardiac and muscular performance. 10, 11 The effects that consuming flaxseed for a single period has on IGF-1 concentration are not clear. effects of physical activity and flax seed, their interactional effect is not well clear. Therefore, the present investigation aims to determine the effects of one period of HIIT and supplementary flax seed oil on the concentration of IGF-1 in the cardiac tissue of male rats.
Methods

Animals
The present study was conducted according to laboratory animal care principals and all moral principles regarding working with laboratory animals according to the Helsinki Protocol (1985) . In the current research, 20 male Wistar rats, acquired from Pastor Institute of Karaj, were selected randomly. The animals were preserved in a special animals' home for rodents with a temperature of 22 o C (±2), 45%-50% moisture and a darkness-lightness cycle (12 hours of light and 12 hours of dark), kept in special cages made of compact plastic with metal lids whose bottom was covered with clean wood chips. To feed the animals, we used special compact food for laboratory rats, manufactured by Behparvar Company (Karaj), and refined water in 500 ml bottles served freely. 12 To perform the training plan, rats were classified into 4 groups (5 rats in each one) including saline (CS), training-saline (T-S), supplementary of flax seed (CO) and trainingsupplementary of flax seed (TO).
Flaxseed Oil and the Way They Were Provided Fresh flax seeds were gathered from regions in Mehriz (Yazd province) where they grow, and their oil was extracted using oil press machine. 13 The extracted oil was fed orally to the relevant groups based on rats' weight before each training session (300 mg/kg dosage). Saline was fed to control groups.
Period and Timing of Training
Familiarizing rats with the intense periodic sports protocol was done during 10 training sessions, in such a way that during the first day of training, the rats were placed on the treadmill with utmost care and peace, and started training with a low and uniform speed. In the next sessions, after rats had moved forward well and space with the plan, in order to get familiarized with the periodic protocol of interest with low speeds, periodic training was applied. During 2 weeks of training, the time and intensity increased as rats achieved the duration of training of 18 minutes at the end of 2 weeks. After 2 weeks, without any problems with the protocol or rats getting familiar, the rats started the main training for 10 weeks. One must note that treadmill slope was 0 during all training stages, and that familiarization was performed for non-training groups as well. At the end of 2 weeks of familiarization, maximum consumed oxygen by rats was measured and rats started the training based on the training protocol allocated according to the percent of maximum consumed oxygen (which was transformed to meters per minute). At the end of both weeks, maximum consumed oxygen test was estimated and a new training speed was applied for the next week.
Each session of performing HIIT included 30 minutes of sports activity ( Table 1 ). The training program included 3 high-intensity and low-intensity periodicities. High-intensity periodicities with 90%-100% maximum consumed oxygen were performed for 4 minutes and low-intensity periodicities with 50%-60% maximum consumed oxygen were performed for 2 minutes. It must be noted that 6 minutes with 50%-60% intensity of maximum consumed oxygen was considered for cooling and heating segments. 13, 14 Meanwhile, the control group for balancing the effect of stress was put on the treadmill for 15 minutes without any movement. Training protocol continued until 5 days prior to sacrificing the rats.
Determination of VO2 Max Since we did not have access to direct devices such as a decomposition device and respiratory gas analyzer and based on recent research conducted by Hoydal et al, 15 an indirect protocol was employed as follows: first, warming up was done for 10 minutes with low speed (10 m/min). After this, the trials started with rats running with a velocity of 15 m/min for 2 minutes, and then the speed of the rolling ribbon was increased by 0.03 m/s (1.8-2 m/min) every 2 minutes until the animals could not run anymore. This speed was considered as 100% the maximum consumed oxygen, and the least maximum consumed oxygen was calculated as a percentage of this intensity.
Measuring IGF-1 Concentration The cardiac tissue sample was placed in special tubes after rinsing in saline and then poured into liquid nitrogen. Tissue IGF-1 concentration was measured using the ELISA method (Yekta Tajhiz Azma, Cat No: YT9065) according to guidelines of the manufacturer. 
Results
Two-way ANOVA on cardiac IGF-1 showed a significant difference between training group and control group (F = 8.502, P = 0.01). Training led to a significant increase in IGF-1 concentration in the cardiac tissue. Further, IGF-1 concentration in supplementation groups was significantly higher compared to saline (F = 15.921, P = 0.001). Furthermore, IGF-1 levels showed a significant increase in training + supplementation group compared to the other groups (F = 11.747, P = 0.003) (Figure 1 ).
Discussion
Regular physical activity has a positive effect on most organs. These organs include cardiovascular, respiratory, and neuroendocrine systems and especially the musculoskeletal system. Physical activities are a strong stimulus for generating intracellular and extracellular signals. These signals lead to the best performance efficiency of muscular fibers, homeostasis maintenance, mitochondrial biogenesis, and muscular growth and migration. 16, 17 Insulin-like growth factors play an important role in activating satellite cells, increasing protein synthesis, decreasing protein degradation, and hypertrophy of muscular fibers during the period of muscular growth and development. 18 Research shows speed sports 19 and aerobic sports activities with medium intensity 20 do not cause a change in IGF-1. The findings of studies investigating the response of IGF-1 to chronic training also confirmed that both the intensity and the duration of the training determine the final levels. 21 Many studies have shown that intense physical activities affect the IGF-1/IGF BP axis. Copeland and Heggie 22 demonstrated increased IGF-1 concentration in response to intense aerobic training. Turgut et al 23 showed increased urine IGF-1 in response to a 2-hour volleyball game. Dall et al 24 exhibited increased IGF-1 concentration following maximum canoeing test. Manetta et al 25 showed increased IGF-1 levels following 4 months of bicycling training. Based on the results of prior research and the current one, it seems like the type of the training affects IGF-1 concentration, and that HIIT training increases IGF-1 like any other high-intensity models.
In recent decades, scientists are paying attention to the effect of natural materials, especially edible fats on receptors, proteins, and gene expression. 13, [26] [27] [28] Fatty acids play a role in many cellular processes such as cellular apoptosis and reproduction. The flax plant abounds with unsaturated fatty acids including Omega-3 and Omega-6. Some studies have investigated the effect of fatty regimes on IGF-1. One study investigated the effect of consuming fatty food regime on the IGF system and concluded that the type and amount of fatty acid affect IGF-1 and its receptors. 29 Another study indicated that fatty acids can change IGF-BP release and activate IGF-1R. 28 Another study investigated the influence of Omega-3 and Omega-6 fatty acids on IGF-1 signaling pathway. This study revealed that both Omega-3 and Omega-6 lead to increased IGF-IR and IGF-1 gene expression. They also showed that these fatty acids also activate protein Akt. 30 Another study also revealed that unsaturated fatty acids activate Akt in the vascular endothelial cells decreasing apoptosis rate. 28 Furthermore, one study showed that these fatty acids lead to increased Erk protein on IGF-1 pathway. 31 Therefore, it is possible that the increase of these proteins (Erk and Akt) in the gene expression pathway in response to consuming fatty acids Omega-3 and Omega-6, acts as a mechanism for increasing IGF-1 levels. Anyway, in this study, these proteins were not measured and further studies are required to investigate how unsaturated fatty acids affect these pathways and IGF-1 generation.
Conclusion
In general, it seems that the training type is effective in IGF-1 concentration. The results of studies indicate that intense training affects IGF-1 concentration and the results of the current research showed that HIIT, just like any other intense training models, leads to an increase in IGF-1 concentration. Flaxseed oil constitutes unsaturated fatty acids of Omega-3 and Omega-6. These fatty acids are effective in gene expression on IGF-1 pathway components, and IGF-1 is increased in response to flax seed oil probably by these mechanisms, albeit it requires further studies.
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